Extended neuromonitoring: new therapeutic opportunities?
In order to optimize therapy for the injured brain it is desirable to continuously monitor substrate delivery in the critically ill patient. Interruption of substrate delivery is a major factor of the great vulnerability to ischemic damage, which affects a majority of patients after severe head injury, stroke or subarachnoid hemorrhage. An approach to protecting the brain during ischemia is to increase the delivery of oxygen via residual blood flow through ischemic tissue. Hypothermia is also an important means of protecting brain cells from the deleterious effects of ischemia, after severe head injury, because it reduces metabolic demands. In this study we continuously measured brain oxygen, brain CO2, brain pH and brain temperature, as well as hourly brain glucose and lactate. A multiparameter sensor was inserted into brain tissue, via a three lumen bolt, along with a ventriculostomy catheter and a microdialysis probe in 60 severely head injured patients. Brain oxygen delivery was increased by stepwise increase of inspired oxygen (FiO2) from 30% to 60% to 100% over a period of 6 h, in order to test the effect of enhanced oxygen tension, on tissue oxygen. In most patients brain oxygen was initially low, and progressively increased, over the monitoring period, to a steady state level, around 30-40 mmHg. In those who died or remained vegetative, brain oxygen fell to anerobic levels. Episodes of increased ICP (n = 25), hypotension (n = 15), and respiratory difficulties (n = 9) caused an immediate increase in brain CO2. Multiple logistic regression analysis showed brain oxygen to be the strongest predictor for outcome in these patients. By increasing FiO2, an increase in oxygen delivery of more than 100%, and a simultaneous decline in lactate production was seen (p < 0.01). Brain temperature was closely related to rectal temperature, brain oxygen, and cerebral blood flow. Patients who were spontaneously hypothermic had a poor outcome (p < 0.01). A fuller understanding of dynamic factors affecting brain metabolism and substrate delivery may be obtained with extended neuromonitoring.